INTRODUCTION
============

Body weight, length and head circumference at birth are measurements used in the assessment of peri- and postnatal growth and health. However, for evaluation of fetal growth, it is essential to know the gestational age-adjusted birth weight, length and head circumference ([@ref1]). It is known that there is a significant relationship between preterm birth and neonatal complications, mortality and developmental delay ([@ref2]). The abnormal birth weight of infants who are small for gestational age (SGA) or of those who are large for gestational age (LGA) is also related with birth complications as well as with an increased risk of cardiovascular disease, obesity and hypertension in later life ([@ref3],[@ref4],[@ref5]).

Producing gestational age-specific percentiles provides the opportunity to determine SGA and LGA infants. Another application of intrauterine percentiles is in predicting whether a preterm infant will be able to maintain his/her growth velocity or achieve catch-up growth in postnatal life ([@ref6]). In 1966, Lubchenco et al ([@ref7]) produced the first intrauterine growth reference charts which were based on a small sample of newborns whose mothers' socioeconomic level was low. These were the first and most frequently used reference charts until 1976, when another set of reference charts based on a relatively large sample size was published ([@ref8]). Neither of these references may be representative of current populations.

It is known that fetal, maternal, placental and environmental factors may all influence fetal growth ([@ref9]). Geographic location also plays a significant role. Thus, intrauterine growth reference values, as is also true for other anthropometric measurements, are variable in different populations and regions even in the same country ([@ref10],[@ref11],[@ref12]).

In Turkey, there are a few studies on intrauterine growth, which were conducted in single centers or with small sample sizes. Another limitation of these studies is that either they are based on a single parameter like birth weight or they are not detailed enough to get gestational age-specific percentiles ([@ref13],[@ref14],[@ref15],[@ref16],[@ref17]).

This study was designed to produce gestational age- and gender-adjusted percentile charts in a cohort of Turkish newborns born in a city in the Central Anatolian Region of Turkey. These references will also serve to determine the prevalence of appropriate, SGA and LGA newborns in the community.

METHODS
=======

This is a cross-sectional and retrospective study in which data were collected from the medical records of infants born between January and December 2009 in 11 hospitals in Kayseri, a Central Anatolian city in Turkey. 65% of the deliveries had taken place in private, 26% in state and 9% in University hospitals. Gestational ages were recorded by the obstetricians or trained nurses in labor wards. A total of 5421 infants born at gestational ages between 28-42 weeks were recruited. Since the numbers of infants between 28-33 and 41-42 weeks of gestation were too small, we combined these age groups as 28-29, 30-31, 32-33 and 41-42 weeks. We excluded infants whose mothers had chronic diseases, who were smokers or who had undergone multiple deliveries. Infants who had fetal health problems, congenital malformations and those with missing data for measurements of weight, length or head circumference were also excluded. To get a smooth distribution for weight, length and head circumference percentiles, we also removed the original data less than 3^rd^ percentiles or higher than the 97^th^ percentiles. Finally, we used the data from 4750 infants to produce our charts.

Preterm delivery was defined as birth before completion of 38 weeks of gestation. SGA was defined as a low measurement than normal according to gestational age and gender. The 10^th^ percentile and 90^th^percentile cut-off values were used to define SGA and LGA.

**Statistical Analysis**

Descriptive statistics for each gestational age within sex were performed using the SPSS version 15.0 (Chicago, IL, USA).

To construct the gestational age- and gender-specific 3^rd^, 10^th^, 15^th^, 25^th^, 50^th^, 75^th^, 85^th^, 90^th^ and 97^th^ percentile curves for birth weight, length and head circumference, we used the LMS Chart Maker Pro version 2.3 software program (The Institute of Child Health, London), which fits smooth centile curves to reference data. This method summarizes percentiles at each gestational age based on the power of age-specific Box-Cox power transformations that are used to normalize data. These three quantities depend on gestational age. The final curves of percentiles are produced by three smooth curves representing L (lambda, skewness), M (mu, median) and S (sigma, coefficient of variation). The calculated 10^th^, 50^th^, and 90^th^ percentiles were compared with the available data on USA infants since both studies were conducted in similar periods. To make local comparisons, we used the most recent study in which 3^rd^, 10^th^, 50^th^, 90^th^, 97^th^ percentiles for term infants of both genders were reported.

RESULTS
=======

There were 2493 (52.5%) male and 2257 (47.5%) female infants included in the study. 39.4% of the infants were preterm and 60.6% were term newborns. Gestational age- and gender-specific descriptive values including birth weight, length and head circumference are shown in [Table 1](#t1){ref-type="table"}. The gestational age- and gender-specific 3^rd^, 5^th^, 10^th^, 15^th^, 25^th^, 50^th^, 75^th^, 85^th^, 90^th^, 95^th^ and 97^th^ percentile values for all parameters are shown in [Tables 2](#t2){ref-type="table"},[3](#t3){ref-type="table"}, [4](#t4){ref-type="table"}, [5](#t5){ref-type="table"}, [6](#t6){ref-type="table"}, [7](#t7){ref-type="table"}.

Comparison of the 10^th^, 50^th^ and 90^th^ percentiles between genders showed that boys were heavier and longer than girls. Head circumference measurements were also higher in the boys. The largest differences between male and female infants at birth were less than 200 g for weight, 0.8 cm for length and 0.6 cm for head circumference ([Figure 1](#f1){ref-type="fig"}).

The distribution of SGA, appropriate for gestational age (AGA) and LGA was 10.1%, 79.1% and 10.8%, respectively.

Since there were no comparable data available from local studies, we compared our data with the 10^th^, 50^th^ and 90^th^ percentile values reported for USA infants in a recent study conducted on infants born after 32 weeks of gestation. USA percentiles were all higher than our data ([@ref18]). The maximum differences between the 90^th^ percentile values were 286 g in the boys and 263 g in the girls for weight, 2 cm in both genders for length, as well as 1 cm in the boys and 1.5 cm in the girls for head circumference ([Figures 2](#f2){ref-type="fig"}, [3](#f3){ref-type="fig"}).

We also compared graphically the 3^rd^, 10^th^, 50^th^, 90^th^ and 97^th^ percentiles obtained for our term infants with those reported in the Kartal Hospital study on term neonates. We found that birth weight in our term infants of both genders was approximately 200 g higher in the 3^rd^ and 10^th^ percentiles, but lower in the 90th and 97^th^ percentiles ([@ref17]). There was no detectable difference between head circumferences in the two studies in either gender. The apparent difference between these two studies was in length at birth. The differences between the 3^rd^ and 10^th^ percentile values in the two studies were approximately 2 cm in both genders, but in the higher percentile groups, this difference decreased to 0.3 cm in boys and 1 cm in girls ([Figure 4](#f4){ref-type="fig"}).

DISCUSSION
==========

This study was designed to produce intrauterine growth percentiles. Weight, length and head circumference are regarded as the fundamental anthropometric measurements which are used by physicians (pediatricians, family physicians, gynecologists and obstetricians) in their clinical practice as well as by parents who desire to assess and follow the actual and future growth pattern of their siblings. Gestational age- and gender-specific anthropometric references also provide a basis for estimation of SGA and LGA prevalences and data for comparison with other studies. SGA infants have adverse outcomes other than growth problems such as neurodevelopmental delay ([@ref19],[@ref20]). LGA infants are at risk for early hypoglycemia and metabolic syndrome in later years ([@ref21],[@ref22]). Both preterm infants, especially those born younger than 32 weeks of gestation, and full-term SGA infants carry long-term health risks. These risks include adiposity and obesity ([@ref23],[@ref24]). Intrauterine growth curves are the easiest and most reliable measure to predict these risks. All previous studies that were available to us were either conducted in a single hospital or did not report data for each gestational week or gender.

We believe that the contribution of this study is to have produced gestational age-and gender-specific percentiles based on a population of neonates from several hospitals in a quite large city. To date, the 3^rd^, 5^th^, and 10^th^ birth weight percentiles have been used as cut-off values to identify clinically important fetal growth restriction ([@ref25]). On the other hand, according to a consensus statement from an independent panel of pediatrics endocrinologists, SGA can be defined as a state of having a birth weight and/or length of at least 2 standard deviations (SD) below the mean for gestational age ([@ref26]). The cut-off values for LGA, on the other hand, have been set at the 90^th^, 95^th^ or 97^th^ percentile by different investigators ([@ref27],[@ref28]). This present study provides data for use of different criteria to define SGA. In our study, when the 10^th^ and 90^th^ percentiles were used as the cut-off values, the prevalences of SGA and LGA were found as 10.1% and 10.8%, respectively.

There are several previous studies reporting gender difference for birth weight and length throughout pregnancy or at a certain gestational week (^17^,^18^,^19^,^29^). Our data also revealed that percentile values were higher in the males than in the females after the 35th week of gestation. The gender difference significantly increased in the 90^th^ percentile range for all anthropometric measurements.

Data from a global survey showed variations in birth weight among several countries. In this report, birth weight in term infants varied from 2790 g in India to 3511 g in Algeria ([@ref30],[@ref31]).

Comparing our data with those of USA newborns, we found that the percentile values of the neonates in our sample were somewhat higher before 32 weeks of gestation. After the first 32-35 weeks of gestation, USA percentiles were strikingly higher than the percentile values in our study ([Figures 2](#f1){ref-type="fig"} and [3](#f2){ref-type="fig"}). The potential contributory factors for this difference may be genetics and race, maternal size, maternal nutrition during pregnancy, smoking and other environmental determinants.

Comparing our results with data from other national studies, such as the Kartal Hospital data ([@ref17]), we found that our term infants had higher length but lower weight and similar head circumferences ([Figure 4](#f3){ref-type="fig"}). This finding may be explained by socioeconomic differences, but it must be noted that the reported data were produced from the measurements of newborns in a single hospital.

The potential limitations of this present study can be listed as the possibility of measurement errors in preterm neonates, the use of a cross-sectional method which limits the monitoring of the actual growth pattern, collection of data from different hospitals, the relatively small sample size, and the potential errors due to the reporting of the last menstrual period. However, this study provides a quite large sample size and detailed information. Both the percentile and the mean and standard deviation values we report can be used in comparisons with national or international data. We believe that these data will be of use both in clinical practice and for research purposes until more comprehensive, reliable and accessible national data pertaining to the intrauterine growth of Turkish infants are produced.
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###### Birth weight percentiles by gestational age (boys)
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###### Birth length percentiles by gestational age (boys)
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###### Birth length percentiles by gestational age (girls)
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###### Head circumference percentiles at birth by gestational age (boys)
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###### Head circumference percentiles at birth by gestational age (girls)
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